As in most helminth infections, lymphatic filariasis is accompanied by high levels of immunoglobulin E (IgE) and eosinophilia (11, 15, 26, 41) . Hypersensitivity responses to microfilariae most probably contribute to the pathogenesis of tropical pulmonary eosinophilia, but the role of IgE in other clinical manifestations of disease is unclear (28, 30) . IgG4 may act as a blocking factor, particularly in microfilaremic individuals, to prevent antigen-specific degranulation of basophils and also presumably of mast cells and eosinophils (29) . Associated with this phenomenon is the observation of parallel specificities between IgE and IgG4 (12) , which probably occur because synthesis of both isotypes is dependent on interleukin-4 (9, 13, 20) .
Relatively little is known about antigens which elicit IgE in filariae. A number have been defined by isotype-specific Western immunoblots (12) , and recently a 23-to 25-kDa protein from Brugia malayi has been purified and shown to induce IgE synthesis from peripheral blood lymphocytes of patients with tropical pulmonary eosinophilia or lymphatic filariasis (19) . We have previously described a complex of proteins in B. malayi identified by surface labeling which form a regular series of ascending molecular mass separated by approximately 15 kDa per step (22) . Molecular cloning and pulse-chase studies demonstrated that this glycoprotein complex is encoded by a single gene in B. pahangi and is derived from processing of a precursor of approximately 400 kDa (39) . The proprotein is thus composed largely of multiple direct repeats of 132 amino acids, which are presumed to represent the mature functional molecule. Although no putative biological function was evident from sequence simi-* Corresponding author. larities, the protein, termed gpl5/400, is homologous to an allergen which has been described fromAscaris suum andA.
lumbricoides (5, 24) . This allergen, termed ABA-1, is the most abundant protein species in parasite body fluid and is released during culture of larvae in vitro (14, 38) .
In this study, we have determined the primary sequence of the repeated subunit of gplS/400 from the two major parasite species responsible for human lymphatic filariasis, Wucherena bancrofti and B. malayi, and examined the IgE response of an Indonesian study population to this repeat unit (p15) expressed in Eschenchia coli. Because of the predominance of the IgG4 subclass in the spectrum of antifilarial antibodies (17, 31) and its demonstrated role as a blocking factor for histamine release (29), we also assessed the levels of specific IgG4 to p15 in the same individuals. Study population. Serum donors were from Rengat, Sumatra, an area where B. malayi is endemic. They were classified according to clinical and parasitological status, as previously described (42) . For (Fig. 1A) . Since the oligonucleotides prime DNA synthesis in opposite directions from a single point in the sequence (Fig. 1C) , this suggested that the basic organization of the gene (i.e., as direct linked repeats with no intervening sequences) was conserved in B. malayi and W. bancrofti. The amplified fragments were hybridized with the cDNA probe BpL3 (39) and washed under high-stringency conditions. The results indicated that the fragments are homologous to the cDNA sequence (Fig.  1B) . A faint band of approximately 600 bp was amplified in the W. bancrofti sample, presumably as a result of the slightly reduced annealing temperature, but did not hybridize with the cDNA probe. The 400-bp gene fragment from each species was subcloned into M13mpl9 and sequenced on both strands.
MATERIALS AND METHODS
The actual size of the fragments was 396 bp in all three cases, and the nucleotide and derived amino acid sequences are shown in Fig. 2 , along with that recently identified for Dirofilaria immitis (7, 32) for comparative purposes. The nucleotide sequence of the B. pahangi repeat showed one redundant change from that reported for the cDNA (39) , indicating that the PCR amplification had been faithful (the nucleotide sequences of the repeats need not be identical). That ofB. malayi showed only two changes, both redundant, (Fig. 2b) .
Expression and purification of p15. To express a single repeat unit of the Brugia gpl5/400, we generated an amplified repeat fragment by PCR and ligated it to the expression plasmid pDS56/RBS11 (37) . Following transformation of E. coli with the B. pahangi(pDS561RBS11) construct, cell lysates of several transformants were run on SDS gels, blotted, and reacted with human filarial infection serum to check for correct orientation of the inserts and for expression of the fusion protein. A large-scale preparation was performed with one of the clones that proved positive, and the protein was purified by nickel-chelating chromatography as described in Materials and Methods. The results are shown in Fig. 3 . Figure 3A demonstrates that a protein of 15 kDa (the expected molecular mass of a molecule of 142 amino acids, composed of 132 residues encoded by the gene fragment and 10 plasmid-encoded residues appended to the N terminus) is abundantly expressed and purified to homogeneity on the nickel column. Moreover, Fig. 3B shows that the protein is recognized by pooled sera from Sumatran individuals with elephantiasis due to infection with B. malayi. A small degree of background binding to bacterial protein was observed, but this was absent in the purified preparation, which was thus suitable for subsequent serologic testing.
IgE responses to p15 in brugian filariasis. We used purified p15 coated to Sepharose CL-4B in SPRIA for determination of antigen-specific IgE in individual sera from members of the study group. Since IgG4 dominates the spectrum of antifilarial antibodies (17, 31) and can act as a blocking factor for antigen-specific IgE-mediated histamine release (29), we also determined specific IgG4 to p15 by the same method. Data were determined for 15 adult men in each clinical group (asymptomatic amicrofilaremic individuals, microfilaremic patients, and those with elephantiasis) and are presented in Fig. 4 . Elevated levels of IgE to p15 (i.e., values greater than the mean plus 2 SDs of control sera) were observed in all but one of the individuals with elephantiasis, with a mean value of 3.2 ng of specific antibody ml-1 (SD, 3.4). Conversely, all but two of the microfilaremic subjects were negative, with an overall mean score of 0.045 ng ml-1 (SD, 0.12). The asymptomatic amicrofilaremic individuals fell into two groups (eight subjects had elevated levels of IgE and seven were negative) with an overall mean of 1.2 ng ml-1 (SD, 2.0). The sharpest distinction therefore lay between the first two clinical groups, since patients with elephantiasis had much higher values of IgE to p15 (on average 70-fold higher) than the microfilaremic patients (P < 0.001). The difference in IgE values between the group with elephantiasis and the asymptomatic amicrofilaremic subjects was also significant (P = 0.01), and difference between the asymptomatic amicrofilaremic subjects and the microfilaremic subjects was just significant (P = 0.04).
The data for IgG4 binding did not show such a sharp distinction, and a fairly heterogeneous response was observed in each group (Fig. 4B) filariae, and the identical amino acid sequence between the two Brugia species is quite striking. Strictly, multiple repeats should be sequenced from all species to gain precise knowledge of the overall conservation of the protein, since it is not clear whether all of the repeats, estimated at about 20 per protein (7, 32, 39) An advantage of antigenic conformity is that defined preparations of immunogens may well have a broad spectrum of efficacy against different strains and species of filariae. Such cross-protection has already been observed following immunization with irradiated infective larvae (36) and parasite extracts (4) . Given that immunization of mice with ABA-1 confers approximately 50% protection against challenge with Ascaris species (25) , it will be interesting to assess the immunogenicity of gpl5/400 in experimental models of filariasis.
A more likely limitation in the effectiveness of defined preparations as vaccines is the genetic variability of the immune response among individuals. In this context, the specificity of the antibody response to gp15/400 and the Ascaris homolog ABA-1 in mice has already been examined. Using H-2 congenic mice on BALB and B10 backgrounds, Tomlinson et al. (38) responses to ABA-1 were both restricted to those of the H-2'
haplotype, whereas the response to native gpl5/400 of B.
malayi appeared to be controlled by factors outside the major histocompatibility complex (18) . The regulation of the antibody response to these related proteins is therefore completely different in inbred mouse strains, but this is perhaps not surprising: the repeat unit of ABA-1 has recently been cloned and shows only 45% amino acid homology to gplS/400 from Bnugia species (13a). Tropical pulmonary eosinophilia is characterized by extremely high levels of IgE (30) , and attendant disease is thought to result from immediate hypersensitivity reactions and eosinophilic inflammation (34) . Aside from this syndrome, it is unclear whether IgE is essential for the development of filarial immunopathology. Eosinophilic granulomatous infiltration is characteristic of lymphatic lesions, but intact worms may cause lymphedema in the absence of cellular infiltration, and type III immune-complex-mediated hypersensitivity most probably also contributes to exudative inflammation (40) . In our previous study with the Sumatran population, total IgE and, in particular, the IgE/IgG4 ratio assayed against total parasite antigen were greatly elevated in individuals with elephantiasis compared with those in asymptomatic microfilaremic individuals (16) . Asymptomatic amicrofilaremic subjects presented a heterogeneous group, and this result is also seen when p15-specific antibody responses are assayed (Fig. 4 and 5) . Native gplS/400 has a single N-linked oligosaccharide per 15-kDa subunit (39) , and although we do not know the significance of this determinant in the evocation of allergic responses, the present data show that the peptide backbone alone will induce significant levels of IgE.
The relative role of IgE in immunity is likewise unclear, although experiments with B. pahangi infection of rats showed that an early specific IgE response during the prepatent period was the sole predictive indicator of animals destined to resist infection (i.e., those that developed microfilaremia [10] A significant association has been recorded between responsiveness to a selected number of purified allergens and HLA-DR loci (23, 27) . We are in the process of typing the Sumatran study population and will therefore soon be able to generate data on whether recognition of p15 is major histocompatibility complex restricted. This will be complemented by direct histamine release assays to confirm that p15 is functionally allergenic, and it may shed light on the potential involvement of this molecule in the pathogenesis of disease. 
